Agro-morphological traits serve as an indirect selection criteria for developing new cultivars with superior performance ability. In order to study variability of agro-morphological traits of exotic barley genotypes under normal and late sown conditions, a field experiment was conducted at the research field of Institute of Agriculture and Animal Science, Chitwan, Nepal in 2015. Altogether, 13 genotypes of barley were sown under two factor factorial RCBD with three replications in two dates. Normal sowing was done on 29 Nov 2014 while late sowing was done on 1 Jan 2015. Agro-morphological traits were found to be varying significantly in late sowing condition as compared to normal one. The mean number of days to booting and heading reduced by 15.19% and 9.64%, respectively in late sown condition. Similarly, plant height reduced by 19.53%, peduncle length by 16.62%, flag leaf width by 42.87%, flag leaf area by 36.44% and FL-1 leaf area by 36.51% in late sown condition. Biomass, grain yield and harvest index were also found to be reduced by 39.66%, 69.77% and 46.48%, respectively for late sowing condition. Nepalese landrace Soluwa performed better in normal sown condition while exotic genotype SBYT 14-1 performed better in late sown condition. SBYT 14-27 and SBYT 14-38 genotypes exhibited stable yield in both sowing conditions. Stability attribute provides an avenue for further study of such promising genotypes from agronomic and breeding perspectives under varying edaphic and agronomic conditions, and also open up the possibility of developing best performing cultivar of barley for lower plain region of the country. 
INTRODUCTION
Barley (Hordeum vulgare L., 2n=2x=14) is a self-pollinating diploid cereal crop (Bothmer 1992) . It occupies 9.4% of the total cereal acreage with 7.8% of the total cereal production in the world (FAOSTAT 2013) . Due to its wider adaptability, it is popularly grown in temperate areas as a summer crop and in tropical areas as a winter crop. It is a short season rabi cereal possessing drought tolerant ability (McGee 1986) . In Nepal, barley is the most important crop from cultural perspectives but consumed much less as food. The advantages of growing barley includes erosion control, recycling of nutrients, suppression of weeds and pests, restructuring of soil, and establishing forage/legume stand (SARE 2012) . Barley is the only domesticated species emerging from genus Hordeum (USDA 1979) . Barley demonstrates marked variation in vegetative, phenological and grain traits when sown beyond normal season (Savin et al 1997; Mohammadi 2002; Pathak et al 2017) . The optimum performance of crop is also hampered when sown beyond the normal time. According to Mollasadeghi et al (2011) , study of agro-morphological traits is pivotal in determining the importance of each trait in relation to increasing crop yield along with the use of those traits in breeding programs for introducing commercial varieties. Agro-morphological traits can also be used as criteria for indirect selection leading to new cultivars with high yield stability and superior performance in dry environments (Ahmadizadeh 2013) . Moreover, morphological traits also serve as a criterion for the estimation of genetic diversity and management of crop germplasm collection (Chandran and Pandya 2000; Ariyo 1993 ). Researches by Chand et al (2008) and Papa et al (1998) have shown that grain yield is the resultant product of action and interaction of numerous components such as plant height, harvest index, number of tillers, number of grain per spike and the like. Furthermore, controlling the inheritance of agro-morphological characters correlated with crop productivity becomes helpful in framing an efficient and effective breeding program (Eshghi and Akhundova 2010) . Most of the studies relating to agro-morphological traits of barley in Nepal are concerned with landraces and conducted in the Hilly region (Amgai et al 2011; Gupta et al 2009; Riley and Singh 1989) . However, studies concerning characterization of exotic genotypes in low lying regions-plains of the Terai or inner Terai region-of the country have been rarely evidenced. Hence, this research was conducted with the primary objective of characterizing agromorphological traits of different exotic barley genotypes under varying dates of sowing; evaluating genotypic variability and relative performance of barley in the inner Terai region at varying sowing conditions; and identifying best performing exotic barley genotype under given set of agro-environmental conditions.
MATERIALS AND METHODS
This field experiment was conducted at Institute of Agriculture and Animal Science (IAAS), Rampur, Chitwan (27° 37' N latitude, 84° 25' E longitude and 198m above sea level) in barley growing season from November 2014 to April 2015. Barley (Hordeum vulgare L., 2n=2x=14) was sown on normal (29 Nov 2014) and late (1 Jan 2015) dates. Normal sown condition is also the representation of optimum sowing time. The experimental genotypes (Table 1) (Figure 1 ). For the purpose of recording quantitative data on agro-morphological traits, ten plants were tagged randomly from each plot; however, whole plot was taken into consideration for recording data on days to booting, days to heading, biological yield and grain yield. Grain yield was calculated according to the formula suggested by Leonard (1984) as:
Grain yield (kg/ha) = 10000 × Plot yield in kg Plot area (in m 2 )
Harvest index (HI) was calculated by using the formula given by Chandrasekaran et al (2010) as:
HI = Grain Yield Biomass Yield
Microsoft Office Excel 2007 was used for recording the observed data; performing simple statistical analysis; and generating tables and graphs. The recorded data were further subjected to analysis of variance and Duncan's Multiple Range Test (DMRT) by using GenStat 15 th Edition and setting 5% level of significance.
RESULTS
Different barley genotypes exhibited striking variability in their agro-morphological traits during field experiment under normal and late sown conditions. Variability in phenological and vegetative traits of barley was due to influence of temperature change between two sowing dates and varying degree of response of different genotypes to that change. Both genotypes and environment contributed to variability of different agro-morphological traits. The combined analysis of variation (Table 2) revealed that the effects of genotypes and sowing time were significant for all traits including days to booting, days to heading, flag leaf width, flag leaf area, FL-1 leaf (first leaf below the flag leaf) area, plant height, peduncle length, biomass, grain yield and harvest index, except flag leaf length where effect of sowing time was insignificant. In addition to that, interaction effect was also highly significant for phenological traits like days to booting and days to heading including plant height, peduncle length, biomass, grain yield and harvest index. 
Days to Booting
During the field experiment, the average days to booting for barley was about 73 days (Table 3) . The days to booting for genotypes sown in normal (November) planting condition was about 79 days and it was significantly greater than days to booting for late (January) planting condition (67 days). The earliest days to booting (64 days) was recorded in Soluwa while booting was most delayed (81 days) in SBYT 14-7. The mean days to booting was reduced by 15.19% (12 days) in late sown condition compared to the normal one. And, this reduction was statistically significant at 5% significance level. Interaction between days to booting and sowing time is shown in Figure 2 . 
Days to Heading
The mean days to heading of barley was observed to be 79 days (Table 3 ). The days to heading for normal sown condition was about 83 days and it was significantly higher than days to heading for late sown condition (75 days). The earliest days to heading was recorded in Soluwa (72 days) while last heading was recorded in SBYT 14-7 (84 days). On an average, the days to heading was reduced by 9.64% (8 days) in delayed sowing when compared with the normal sowing condition.
Flag Leaf Length
The average flag leaf length of barley during the field experiment was recorded to be 14.04 cm (Table 3 ). The flag leaf length during normal sown condition (13.96 cm) and late sown condition (14.12 cm) were statistically indifferent at 5% significance level. The longest flag leaf length (17.59 cm) was recorded in SBYT 14-1 and the shortest (10.98cm) was recorded in SBYT 14-18. The flag leaf length remained statistically unchanged with sowing time at 5% significance level. The interaction effect of flag leaf length with respect to genotypes and sowing time is given in Figure 3 . 
Flag Leaf Width
The mean width of flag leaf of barley was recorded to be 0.700 cm and ranged from 0.509 cm to 0.891 cm on the basis of sowing time (Table 3 ). The widest flag leaf was recorded in SBYT 14-37 (0.819 cm) and the narrowest was recorded in SBYT 14-5 (0.437 cm). While comparing with normal sown condition, barley flag leaf width, on an average, was found to be significantly reduced by 42.87% (0.38 cm) during late sown condition
Flag Leaf Area
Flag leaf has crucial role to synthesize and translocate photo-assimilates to seeds of cereals (Biswal and Kohli 2013) . The average area of flag leaf during the field experiment was recorded to be 8.24 cm 2 . Flag leaf area of normal sown barley genotypes (10.07 cm 2 ) was statistically higher than that of late sown genotypes (6.40 cm 2 ) at 5% significance level. The largest flag leaf area was recorded in SBYT 14-37 (10.954 cm 2 ) and the smallest was recorded in SBYT 14-5 (4.104cm 2 ). The mean flag leaf area reduced significantly by 36.44% (3.67 cm 2 ) in late sown condition.
FL-1 Leaf Area
On an average, area of first leaf under the flag leaf was 15.7 cm 2 and ranged from 10.52 cm 2 to 19.39 cm 2 among barley genotypes. FL-1 leaf area during normal sown condition (19.20 cm 2 ) was significantly higher than late sown condition (12.19 cm 2 ). The largest area of FL-1 leaf was recorded in SBYT 14-37 (19.39 cm 2 ) while the smallest was recorded in SBYT 14-5 (10.52cm
2 ). The mean FL-1 leaf area was reduced significantly by 36.51% (7.01 cm 2 ) in late sown condition in comparison to normal sown condition. 
Plant Height
Plant height is morphologically important character, and it is closely linked with productive potential of plant. The mean height of barley plant during the field experiment was 83.20 cm and it ranged from 74.20 to 92.21 cm on the basis of sowing time. The tallest plant height (91.60 cm) was recorded in SBYT 14-27 while the shortest height (77.15 cm) was recorded in SBYT 14-8. In late sown condition, mean plant height reduced by 19.53% (18.01 cm) and this reduction was found to be statistically significant at 5% level. Interaction between genotypes and sowing time for plant height is presented in Figure 4 . 
Peduncle Length
Peduncle length serves as indirect selection criterion for improving yield of crop (Borner et al 2002) . The average length of peduncle during the field experiment was recorded as 21.51 cm (Table 3 ). The peduncle length for genotypes during normal sown condition was 23.46 cm and it was significantly higher than that for late sown genotypes (19.56 cm). The longest peduncle length (33.08 cm) was recorded in Soluwa and the shortest (16.82 cm) was recorded in SBYT 14-2. Peduncle length reduced by 16.62% (3.9 cm) in late sown condition than the normal one and this reduction was statistically significant at 5% level. Interaction between peduncle length and sowing time is given in Figure 5 . 
Biomass
The mean biomass production during the field experiment of different genotypes of barley was recorded to be 8496 kg/ha (Table 3 ). The biomass production under normal sown condition (10597 kg/ha) was significantly higher than late sown condition (6394 kg/ha). The highest biomass was recorded in Soluwa (10617 kg/ha) and lowest biomass was recorded in SBYT 14-2 (4637 kg/ha). For all genotypes, biomass was statistically higher in normal sown condition than late one except for SBYT 14-2. This exception in SBYT 14-2 was due to heavy disease infestation in November planting date. Biomass of barley reduced by 39.66% (4203 kg/ha) in late sown condition. The mean straw yield was recorded to be 6895 kg/ha. The straw weight was significantly higher for normal sown condition (8407 kg/ha) than late sown condition (5382 kg/ha). The highest (8611 kg/ha) and lowest (4060 kg/ha) straw yield were recorded in SBYT 14-11 and SBYT 14-2 respectively. Straw yield was comparatively higher in normal sowing condition than late sowing condition for all genotypes except SBYT 14-2. The interaction of biomass with sowing time and genotypes is shown in Figure 6 . 
Grain Yield
Yield is a complex character; it depends on different environmental, physiological, and morphological characters.
The mean grain yield of barley was recorded as 722 kg/ha (Table 3 ). The average grain yield in normal sown condition (1108 kg/ha) was significantly higher than that in late sown condition (335 kg/ha). The highest grain yield was recorded in Soluwa (2345 kg/ha) and lowest was recorded in SBYT 14-7 (19 kg/ha). For all the genotypes, grain yield was statistically higher in normal sown condition than late sown condition except for SBYT 14-27 and SBYT 14-2. Increase in yield was observed in later sown date for SBYT 14-2 due to heavy disease infestation in normal sown condition. Grain yield reduced drastically by 69.77%, ie 773 kg/ha, in late sown condition when compared with the normal one. The variability of grain yield of barley with sowing time and genotypes is shown in Figure 7 . Table 3 . Soluwa had highest harvest index (0.1945). The lowest HI was of SBYT 14-7 (0.0023). There was marked decline in HI of barley by 46.48% in January planting as compared to November planting condition. The interaction between sowing time and genotypes with HI is reflected in Figure 8 . 
DISCUSSION
Various studies have attempted to quantify the effect of sowing date on different traits of barley (Photiades and Hadjichristodoulou 1984; Alam et al 2007; Rashid et al 2010; Kirby et al 1985) . These studies have reported that sowing time has considerable impact of varying degree on agro-morphology of crop. In the present study, the accelerated growth and development fostered by exposure to high temperature was the influencing reason behind the difference in days to booting within same genotype with altered planting date (Singh and Paul 2003) . The decrease in number of days to heading in later sown genotypes probably resulted from slower emergence and rapid accumulation of heat units from increased temperature after February (Slafer and Whitechurch 2001) . During the late sown condition, barley crop faces severe heat stress. Sensitivity of photosynthesis to heat stress and shorter vegetative growth were the casual factors for reduced leaf area in late sown dates than the normal one. This finding is in line with the works of Alam et al (2013) and Suleiman et al (2014) .
Barley possesses determinate nature wherein growth of vegetative parameters is halted before initiation of reproductive phase. Plant height decreased with delay of planting date because the changes in photoperiod accelerated the development towards reproductive stages and hence less time was available for vegetative growth resulting in lesser height of genotypes sown in late condition. Okosun et al (2006) also reported similar findings for plant height in non-optimum planting date. The differences in length of the peduncle in different sowing dates were due to altered stem reserve mobilization in the plant (Asseng and Herwaarden 2003) .
The process of assimilation of photosynthates is enhanced in normal temperature. The upsurge in temperature leads to rise in respiration and transpiration, ultimately reducing the stored assimilates and hence the biomass. Significant difference among the genotypes on straw yield could be due to genotypical inherited difference for redistribution capacity of soluble reserves (Ahamed et al 2010) . Overall grain yield reduced in delayed sowing due to the association with high temperature. Each day delay in sowing results cereal grain yield to reduce by 21 kg/ha (Ekeberg 1994) . Higher HI among the genotypes may be due to genetic variability. But, higher HI in normal sown genotypes was due to better photosynthate redistribution efficiency from stem and leaves to straw favored by optimum temperature during normal sown condition.
Nepalese barley landrace, Soluwa, exhibited very high yield in our field experiment. But lodging was found to be a serious problem. Without addressing lodging problem, it seems challenging to realize the true benefit of cultivating Soluwa in inner Terai region. Among 12 exotic barley genotypes, SBYT 14-1 outperformed in given field condition of Chitwan. The exotic genotype SBYT 14-1 can be promising for lower regions of Nepal for the reason that it has very high yield than national average barley yield in normal season. In addition to that, the mean yield of SBYT 14-1 in delayed sowing condition is also around the national average yield figure (1.33 Mt/ha). By subjecting this genotype to multi-locational trial, Hilly region oriented barley cultivation can be possibly spread even in plain areas of Nepal. Yield stability is a very important property for breeding program. Exotic genotypes such as SBYT 14-27 and SBYT 14-38 exhibited lower but very stable grain yield under both normal and late sown conditions during the field experiment. This stability feature can be very important to design breeding programs in context of high yield variation due to delay in the sowing time of barley. Furthermore, the stability property of two exotic genotypes can 
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Normal sowing Late sowing be invaluable boon to breeders for augmenting barley production in those areas of Nepal where the hot temperature severely limits barley production.
